IMPORTANCE Prices for newer analogue insulin products have increased. Lower-cost human insulin may be effective for many patients with type 2 diabetes.
T he price of insulin has increased substantially in recent years. [1] [2] [3] In 2016, Medicare's outpatient prescription drug program (Part D) spent more than $4 billion on just 1 long-acting insulin analogue. 4 These trends are concerning because high prices for insulin often translate into higher out-of-pocket payments for patients with insufficient drug coverage or for Medicare beneficiaries in the Part D coverage gap.
5
Although newer analogue insulin medications (eg, glargine, lispro) are more expensive than human insulin products (eg, neutral protamine Hagedorn [NPH] , regular human insulin), they may not result in substantially improved clinical outcomes for patients with type 2 diabetes. [6] [7] [8] Human insulin, when used effectively, may be a viable initial treatment option for many patients with type 2 diabetes.
9,10
When CareMore, a managed care organization, examined its insulin spending in 2014, the organization found that many of its members were using insulin analogues that had a high daily injection burden (ie, basal-prandial insulin strategies) and were reaching the Medicare Part D coverage gap. Therefore, in early 2015, the organization piloted an intervention to switch members from analogue to human insulin, with a preference for regimens containing fewer daily injections. The goals were to reduce daily injection burden and to delay or avoid the Medicare Part D coverage gap by encouraging members to use a clinically comparable insulin regimen that was less costly. The goal of this study was to evaluate the association between this intervention and clinical outcomes, including hemoglobin A 1c (HbA 1c ) levels and serious hypoglycemic and hyperglycemic events, as well as economic measures, including the proportion of members who reached the Medicare Part D coverage gap and total spending on insulin products.
Methods

Study Population and Data Sources
This study was approved by the institutional review board at the Brigham and Women's Hospital in Boston. Participants provided written informed consent to the release of deidentified information for research purposes upon enrolling in the plan. The managed care organization providing data for this study is a subsidiary of Anthem Inc, and is a Medicare Advantage plan and medical group based in Cerritos, California, that serves about 130 000 members in 4 states (California, Arizona, Nevada, and Virginia).
11 Any health plan member who filled 1 or more insulin prescriptions between January 1, 2014, and December 31, 2016 , was eligible for this study (eTable 1 in the Supplement). We conducted 2 analyses: (1) a prespecified population-level analysis using interrupted times series methods and (2) a post hoc patient-level analysis using a differencesin-differences approach.
In the prespecified open cohort analysis, members could enter or leave the cohort (ie, unenroll or die) at any time. In the patient-level analysis, we compared members who switched from analogue insulin to human insulin against members who continued taking analogue insulin. We used a closed cohort for this analysis, excluding members (1) who did not have continuous enrollment, unless the reason for disenrollment was death; (2) whose first prescription claim was for human insulin; (3) who switched back to analogue insulin after switching to human insulin; and (4) who did not have at least 365 days between the first analogue and first human insulin prescription ( Figure 1 ). As a sensitivity analysis, we excluded members who died during follow-up. The plan provided deidentified member enrollment files, outpatient (professional) claims, prescription drug claims, inpatient/emergency department claims, and HbA 1c results for members who were eligible for study participation using a scrambled unique identification number. Clinical characteristics, such as markers of disease severity, comorbidities, HbA 1c results, and use of other prescription drugs, were defined if members had diagnosis codes or prescription claims for the relevant characteristic at any time during the 3-year study period for the population-level analysis and within 12 months before the switch date or corresponding switch date (or index date) for the patient-level analysis. We classified membersaslivingwithtype1ortype2diabetesusingadecisionrule that considered use of oral antidiabetic medications and a ratio of type 1 to type 2 diagnostic codes derived from a validated, optimized algorithm (eTable 2 in the Supplement).
12
Insulin Switch Intervention
In 2015, the health plan started a program to switch patients from higher-cost analogue insulin regimens to lower-cost human insulin. The protocol-driven intervention was led by plan pharmacists and supported by nurse practitioners, physician assistants, and physicians with experience in chronic disease management at plan health centers. The intervention pilot started in February 2015 in Arizona and was expanded to the entire health plan system by June 2015.
Although the intervention was implemented across the entire health plan system, the following characteristics helped clinicians identify ideal member conditions for an analogue to human insulin switch: using more than 2 injections per day or receiving both basal and prandial insulin analogues, receiving more than 50 U of insulin per day, having a history of nonadherence, and lacking a history of recurrent hypoglycemia. After stopping the basal or prandial insulin analogue and secretagogues (sulfonylureas and meglitinides), the recommended initial dose of human insulin (either premixed human 70/30 or NPH insulin) was 80% of the baseline total daily
Key Points
Question Is a health plan program that encourages patients to switch from analogue to human insulin associated with a change in glycemic control among older adults with type 2 diabetes?
Findings In this retrospective cohort study of 14 635 older adults with type 2 diabetes participating in a Medicare Advantage plan, implementation of a health plan intervention that involved switching patients from analogue to human insulin was associated with a population HbA 1c level increase of 0.14%.
Meaning Among patients with type 2 diabetes, a health plan intervention that involved switching from analogue to human insulin was significantly associated with a small increase in population-level HbA 1c .
dose of the analogue insulin. For participants starting premixed human 70/30 insulin, two-thirds of the total daily dose was given before breakfast and one-third of the daily dose before dinner (ie, 2 injections per day). The conversion protocol did not have specific recommendations with respect to the frequency of blood glucose self-monitoring. Operationally, conversion progress was tracked using claims data by a director for quality improvement at the health plan organization.
In addition to these clinical changes, plan benefits were altered to financially encourage patients to switch from analogue to human insulin. For example, starting in January 2016, select plans moved analogue insulin products containing glargine, detemir, or aspart from tier 6 ($0 co-pay) to tier 3 ($37.50 co-pay with additional out-of-pocket payments if members were in the Medicare Part D coverage gap), while human insulin products remained on a tier with a $0 co-pay. Not all members experienced this financial incentive equally because some members qualified for a low-income government subsidy or were dually eligible under the Medicaid and Medicare programs and therefore subject to little or no out-ofpocket expenditures.
Outcomes
The primary clinical outcome was overall glycemic control as measured by mean monthly HbA 1c . A change in HbA 1c by 0.5% has been suggested to be clinically meaningful.
13 Secondary clinical outcomes included serious hypoglycemia or hyperglycemia (event rate per 1000 person-years at risk), defined as a hospital admission or emergency department visit in which the primary diagnosis was hypoglycemia or hyperglycemia, per the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and the International Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) diagnosis codes (eTable 3 and eTable 4 in the Supplement). We used a modification of a previously validated ICD-9-CM-based algorithm for hypoglycemic events before October 1, 2015 (the ICD-10-CM transition date). 14 After this date, we used ICD-10-CM codes mapped from the ICD-9-CM-based algorithm and additional codes obtained from the published literature. For hyperglycemic events, we used both ICD-9-CM and ICD-10-CM codes drawn from the Agency for Healthcare Research and Quality's Prevention Quality Indicator 01 (diabetes short-term complications) and 14 (uncontrolled diabetes), which are quality indicators for ambulatory care-sensitive conditions in adult populations. 15 To ensure that the ICD-10-CM transition date did not affect the apparent incidence of hypoglycemic or hyperglycemic events according to claims, we conducted a validation study using an external database of medical claims from more than 650 000 patients with a history of diabetes 2 quarters before and 2 quarters after the ICD-10-CM transition date (eTable 5 in the Supplement). 16 In the patient-level analysis, we also explored the rate of death comparing participants who switched from analogue to human insulin vs participants who did not. Cost outcomes included total plan spending for analogue and human insulin, independently, and the proportion of patients who were subject to the Part D coverage gap. Total plan spending was defined as follows: amount billed + fill fee -co-pay -low-income cost sharing subsidy amount. Any participant who had annual prescription drug spending (ingredient cost submitted) above the initial coverage limit threshold ($2850 in 2014, $2950 in 2015, and $3310 in 2016) was counted as entering the coverage gap. For this outcome, spending for all prescriptions (insulin and noninsulin) was included.
Statistical Analysis
We used 2 analytic methods to evaluate the clinical outcomes associated with the insulin conversion intervention. Our prespecified analysis plan estimated changes in HbA 1c and rates of hypoglycemia or hyperglycemia at the population level using interrupted time series models (without a control) with cut points at the start of 2015 and 2016. In this analysis, study participants contributed HbA 1c data if they had an insulin dispensed either in the same month as or 3 months before the laboratory result. Study participants contributed hypoglycemic or hyperglycemic events only if they had been dispensed insulin during the same month as their clinical event. We first plotted outcomes by calendar month. We then defined 3 equal 12-month periods: preintervention period (baseline; 2014), intervention period (2015), and postintervention period (2016) . We defined the start of the intervention as January 1, 2015, and the end of the intervention as December 31, 2015. We then created indicators for each period (ie, baseline, intervention, postintervention) and calendar time and used these indicators in a segmented linear regression model to examine changes in the level or slope of study outcomes. We adjusted for autocorrelation of error terms using SAS statistical software.
Our post hoc analysis compared a closed cohort of participants who switched to human insulin vs participants who did not, using a difference-in-differences approach (segmented regression analysis with a control group) for HbA 1c . In this analysis, we created regression models with an indicator for participants who switched and for participants who did not and an indicator for time before or after the switch to estimate the differential changes in level and trend. In these analyses, we restricted the outcome measures to the 12 months before and after the switch date. The switch date for participants who switched from analogue to human insulin was the date of their first human insulin dispensing. The switch date for participants who did not switch was assigned by risk-set sampling from available switch dates from participants who did switch, anchored on the calendar month and year of the first analogue prescription, to account for both calendar time and time since the first analogue prescription. We excluded members who were assigned switch dates after their date of death ( Figure 1 and eTable 6 in the Supplement). We estimated rate ratios and 95% CIs for serious hypoglycemic and hyperglycemic events among participants 12 months after the switch date.
We used propensity score matching to control for measured baseline differences between participants who did and who did not switch from analogue to human insulin, adjusting for demographic, geographic, economic, and clinical measures, including diabetes type, year of first analogue insulin prescription fill, severity of disease, clinical comorbidities, other prescription medicines, and most recent mean HbA 1c ( Table 1) . The propensity score is the predicted probability of being a participant who did or did not switch from an analogue to a human insulin, conditional on covariates measured 12 months before the switch date or assigned switch date, and was estimated using logic regression. We used a 1:1 nearestneighbor matching algorithm and a caliper of 0.025.
For cost and utilization outcomes, we tabulated total plan spending and proportion of insulin dispenses per calendar month and generated plots stratified by analogue vs human insulin using Excel (Microsoft 2010). We calculated binomial CIs for proportions. For the Medicare Part D coverage gap outcome, we first created 1 new closed subcohort for each calendar year (2014, 2015, and 2016) . Non-low income cost sharing members from the population-level cohort could enter a subcohort if they had at least 1 claim for an insulin product in the month of January for each respective year. Patients were followed up until 1 of the following 4 censoring criteria was met: reaching the coverage gap, plan disenrollment, death, or end of the calendar year. We calculated hazard ratios and 95% CIs using Cox proportional hazards regression models using 2014 as the reference and included a robust sandwich estimator to account for the possibility of the same patient entering more than 1 subcohort. We evaluated the proportional hazards assumption by graphically examining survival curves. We did not impute for missing data for outcomes or covariates because claims for dispensed prescriptions, outpatient diagnoses, and emergency department or inpatient encounters are unlikely to be missing. A very small amount (0.11%) of HbA 1c results were excluded because of missing values or text entries such as "unable to perform." All analyses were performed using SAS version 9.4. We used a 2-sided significance threshold of .05. Secondary outcomes and analyses should be interpreted as exploratory because we did not adjust for multiple comparisons.
Results
Patient Characteristics
Overall, 14 635 plan members filling a total of 221 866 insulin prescriptions between January 1, 2014, and December 31, 2016, were eligible for the population-level study ( Table 1) . The median follow-up was 729 days. The mean (SD) age of the participants was 72.5 (9.8) years, and 51% were women. Over 93% had type 2 diabetes. Before the intervention, statins, angiotensin-converting enzyme inhibitors, metformin, and sulfonylureas were all commonly used medications of the participants. Forty-three percent of participants qualified for a low-income subsidy.
Clinical Outcomes From the Population-Level Analysis
Before the intervention, the baseline mean HbA 1c was 8.46% (95% CI, 8.40% to 8.52%), and it decreased at a rate of −0.02% (95% CI, −0.03% to −0.01%) per month during 2014 ( Figure 2 ). There was an association between the start of the intervention and an HbA 1c level increase of 0.14% (95% CI, 0.05%-0.23%; P = .003) and a slope change of 0.02% (95% CI, 0.01%-0.03%; P < .001) per month. After the completion of the intervention, changes in the mean HbA 1c level (0.08% [95% CI, −0.01% to 0.17%]) and slope (<0.001% [95% CI, −0.008% to 0.010%]) were not statistically significantly different (P = .09 and P = .81, respectively) compared with the preceding period (ie, the 12-month intervention period).
There were There were 114 serious hyperglycemic events in 2014, 140 in 2015, and 138 in 2016. The baseline rate of serious hyperglycemic events was 22.33 per 1000 person-years (95% CI, and it increased at a rate of 0.30 per 1000 personyears (95% CI, −1.01 to 1.60) ( Figure 3B ). There was no significant association between the start of the intervention and a level change (4.23 per 1000 person-years [95% CI, −8.62 to 17.08]; P = .51) or slope change (−0.51 per 1000 person-years [95% CI, −2.37 to 1.34]; P = .58). As with the hypoglycemia results, the level (6.35 per 1000 person-years [95% CI, −6.50 to 19.20]) and slope (−0.28 per 1000 person-years [95% CI, −2.13 to 1.57]) changes comparing the postintervention and intervention periods were not statistically significant (P = .32 and P = .76, respectively). Table 2 . Before matching, participants who did not switch from analogue to human insulin were 0.8 years older and more likely to be women; qualify for a low-income subsidy; be enrolled in hospice; have type 1 diabetes; have end-stage kidney disease; and use a dipeptidyl peptidase 4 (DPP-4) inhibitor, a glucagonlike peptide 1 GLP-1 receptor agonist, or a sodium-glucose cotransporter 2 SGLT2 inhibitor than participants who did not switch. After matching, baseline characteristics were well balanced. Matched participants who switched and did not switch had a mean (SD) age of 73 (8.4 and 9.6, respectively) years and mean (SD) most recent HbA 1c levels of 7.9% (1.3%) and 7.8% (1.4%), respectively. Of 1966 matched participants, 1853 (>94%) could be definitively classified as living with type 2 diabetes. Sixhundred eighty-one (approximately 35%) had evidence of nephropathy while 338 participants who switched (34%) and 361 participants who did not (37%) had evidence of neuropathy. Of matched participants, 1521 (77%) used a statin at baseline. Twelve months before their switch dates (index dates), participants who did not switch from an analogue to human insulin had an overall mean HbA 1c of 7.83% (95% CI, 7.73%-7.94%), while participants who did switch had an overall mean HbA 1c of 8.13% (95% CI, 8.03%-8.23%), corresponding to a difference of 0.29% (95% CI, 0.15%-0.44%; P = <.001) ( Table 3) . The trend in mean HbA 1c before the intervention was 0.01% (95% CI, −0.02% to 0.003%) per month in participants who switched and 0.005% (95% CI, −0.01% to 0.02%) per month in participants who did not, corresponding to a betweengroup difference of −0.02% per month (95% CI, −0.04% to 0.005%). After the intervention, the level change in mean HbA 1c was 0.11% (95% CI, −0.02% to 0.24%) in participants who switched and −0.01% (95% CI, −0.15% to 0.13%) in participants who did not, corresponding to a between-group difference of 0.12% (95% CI, −0.08% to 0.32%; P = .22). The trend change was 0.001% (95% CI, −0.02% to 0.02%) per month in all participants, corresponding to a between-group difference of less than 0.001% (95% CI −0.03% to 0.03%; P = .99).
There were 2 serious hypoglycemic events in participants who switched from an analogue to a human insulin (951.4 person-years of follow-up) and in participants who did not (922.1 person-years of follow-up), 12 months after their switch date. The estimated rate ratio comparing participants who did vs did not switch from analogue to human insulin for serious hypoglycemic events was 0.97 (95% CI, 0.14-6.88).
In the 12 months after their switch dates, there were 8 serious hyperglycemic events among participants who switched insulins and 13 among participants who did not. The estimated rate ratio comparing participants who did vs did not switch was 0.60 (95% CI, 0.25-1.44).
Sixty-three participants who switched from analogue to human insulin (6.4%) and 92 participants who did not switch (9.4%) died within 12 months of their switch dates. Results with respect to HbA 1c , hypoglycemia, and hyperglycemia from the sensitivity analysis that excluded participants who died during follow-up was not qualitatively different from the results of the primary analysis (eTable 7 and eTable 8 in the Supplement).
Economic Outcomes
During the baseline period, 89% (95% CI, 88%-90%) of filled insulin prescriptions were for analogue insulin products ( Figure 4A ). During the intervention period, the percentage of filled insulin prescriptions for analogue products decreased to 53% (95% CI, 52%-54%), while the human insulin proportion increased from 11% (95% CI, 10%-12%) in the baseline period to 47% (95% CI, 46%-48%). In the postintervention period, analogue prescriptions declined to 30% of filled insulin prescriptions (95% CI, 28%-31%) in June 2016. By December 2016, 70% (95% CI, 68%-71%) of insulin prescriptions were for human insulin products.
Total 
Discussion
The managed care organization's intervention encouraging Medicare beneficiaries with diabetes to switch from analogue to human insulin was associated with a small increase in population-level HbA 1c . The intervention was not associated with changes in rates of serious hypoglycemia or hyperglycemia. This study provides evidence from a cohort of over 14 000 older patients in routine clinical care assessing the clinical effectiveness of switching patients with type 2 diabetes from analogue to human insulin.
Although it was significant in 1 of 2 analyses, the observed increase in population-level HbA 1c may not be clinically important because the value (0.14%) falls within the biological within-patient variation of modern HbA 1c assays. 17, 18 Results from large randomized trials, including Reaching the coverage gap indicates that a Medicare beneficiary has surpassed the annual initial coverage threshold, and, from that point on, is responsible for substantially larger out-of-pocket expenses for outpatient prescriptions covered by their Medicare Part D plan. The hazard ratio comparing 2016 and 2014 is 0.45 (95% CI, 0.43-0.48; P < .001 using a robust sandwich estimator). Median (interquartile range) length of follow-up was 7 (5-10) months in 2014, 6 (4-10) months in 2015, and 11 (7) (8) (9) (10) (11) (12) The results of the current study add to a growing body of literature suggesting that human insulins may result in similar clinical outcomes compared with insulin analogues for many patients with type 2 diabetes. For example, a 2018 observational study using data from over 25 000 patients with type 2 diabetes (mean age, 61 years; mean duration of diabetes, 11 years; mean HbA 1c , 9.4%) from Kaiser Permanente of Northern California concluded that initiation with basal analogue insulin was not associated with reduced hypoglycemia-related ED visits or hospital admissions or with improved glycemic control when compared with NPH insulin. 7 Participants in this study were prevalent insulin users, had better HbA 1c control at baseline (7.8%), had lower rates of clinical events, and were part of a health system that did not have a strong preference for human insulin. The present study also found that the intervention was associated with a reduced risk of reaching the Part D coverage gap, an important economic outcome for many older adults. In 2016, 1.9 million Medicare beneficiaries used the longacting insulin analogue glargine at a cost of $4.6 billion.
26 Because the least expensive versions of human insulin can be obtained at approximately one-tenth of the cost of analogue insulin, 9 if even a small proportion of Medicare beneficiaries with type 2 diabetes who were prescribed analogue insulin were switched to clinically equivalent human insulin (eg, 70/30 or NPH), the resulting savings to the health care system would be substantial. Strengths of this study include its sample size and inclusion of both prescription/health care encounter claims and laboratory data. A post hoc analysis that matched participants who did and who did not switch from an analogue to human insulin on a propensity score incorporating a large number of patient characteristics, including hemoglobin A 1c , provided results consistent with the prespecified primary analysis. Furthermore, the question that this study addresses would be difficult to answer through other study designs or data sources. For example, it would be difficult and costly to enroll thousands of similar patients with type 2 diabetes into a prospective noninferiority or switching trial. Additionally, this study would be difficult to conduct using traditional claims databases alone because of the lack of complete capture of laboratory data, including HbA 1c levels.
Limitations
This study has several limitations. First, the observed higher rate of death among participants who did not switch suggests either that switching from analogue to human insulin is protective against death (less likely), or that the patient-level analysis was limited by residual confounding or time-related biases 27 despite the use of propensity scores to control for measured baseline covariates (more likely). It is reassuring that the results presented here with respect to HbA 1c , serious hypoglycemic events, and serious hyperglycemic events were not substantially different from the results of a prespecified population-level analysis accounting for time-related biases, nor in a sensitivity analysis excluding members who died. Second, it is possible that small increases in population-level HbA 1c could become clinically relevant for certain individual patients if continued for a prolonged period. Third, this study cannot detect differences in rates of minor hypoglycemia episodes or nocturnal hypoglycemic events because the outcome definitions relied on claims. Fourth, the clinical results may not generalize to other health care settings with less intensive pharmacy-level support for chronic disease management.
Conclusions
Among Medicare beneficiaries with type 2 diabetes, implementation of a health plan program that involved switching patients from analogue to human insulin was associated with a small increase in population-level HbA 1c .
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